The aim of the study was the study of winter frost damages, especially their changes expressed in temporal frequencies on the main fruit growing regions of the country. In our earlier paper, we introduced the calculation with the term LT50 as the quantitative expression of temperature threshold, when the lethality halves the survival of plant organs, buds or cells causing 50% death rate. The damage is highly dependent on the temperature and on its duration (length of time), but not at least on the frost tolerance of the fruit trees. The incidence and severity of damage is analysed according to the apricot and peach varieties of their different susceptibility or tolerance too. Four fruit growing regions, two of the in Transdanubia and two belonging to the regions east of the Tisza river have been selected to trace the incidence and severity of frost damages. For that purpose, we analysed the history of the past 60 year period, 1951-2010, utilising the database of the network of 16 meteorological stations of the countrywide service. Being aware of the values of LT 50 during the rest period and afterward, the compulsory dormancy caused by low temperature, the number of days, the probability of frost damage could be predicted. The role of the orographical profi le, the height above sea level and the exposition of plantations are also decisive. Within the same plantation, 20-30 m difference of level may cause large diversity in temperature and frost damage. Air circulation and regular incidence of winds within the Carpathian basin modify the occurrence and severity of damages. Lowlands near the southern and northern country borders are particularly exposed to winter frosts. Most damages are reported in February, as temperatures below -20 °C especially if the fi rst part of the winter was mild, or in January was a warm period. With the end of the physiological rest period of the trees, the frost-susceptibility increases signifi cantly, and a cold period of -15 °C may cause heavy damage. This study proves that tolerance of varieties infl uence the damages substantially. By planting frost tolerant varieties, winter frost damages could be diminished by 40-50% at the same growing sites. Present results may also offer a tool to estimate the risk of frost damages and express the security of yields at a given site based on the data accumulated in the database over many years.
Introduction and survey of literature
Winter frosts are the most important of risks fruit growing, therefore, its quantifi cation is an important task. The measure of the damage is studied by the knowledge of physiological processes. During the physiological rest period, the trees are able to withstand -20 °C frosts without damage, whereas after the rest period, the compulsory (temperature caused) dormancy, a -15 °C frost may cause near 100% frost damage (Proebsting, E. L. & Mills, H. H., 1966) . Based upon earlier results, we elaborated the LT 50 function for apricot and peach varieties, and distinguished between three categories, as frost susceptible, medium toleerat and frost tolerant varieties. By means of the LT 50 function, we may extend the study for all fruit varieties grown in Hungary. Apricots and peaches being the most threatened fruit species of Hungary, we present an example for the use of the function. Two Transdanubian and other two Trans-Tisza growing sites have been selected for the meteorological study, how we could calculate the probability of the damage at least on the 50% level. As by knowing the frequency of climatic risks would help to determine the risks of production. The growing sites and varieties of peach and apricot plantations have been thoroughly elaborated by Timon (2000) , Zayan (1981) and Szalay (2001) .
Our earlier studies stated that the variety Venus known to be extremely frost susceptible suffered heavy damages during the winter in the regions Szeged-Szatymaz at the Lake Balaton at the middle of January (probability 20-22%), whereas at in the region Mecsekalja, the major frost damage occurred at a probability of 13-14% at the end of January (Lakatos et al., 2005a) .
With the exception of Mecsekalja, the highest probability of winter frost damages is around the middle of January. For a frost tolerant peach variety, Redhaven, the critical period is between October 15 and April 1. In the region SzegedSzatymaz the risk of frost increased in mid of January (up to 16%). At Mecsekalja, the beginning of February, around the Lake Balaton, the mid of February is most exposed to frosts. At the Mecsekalja, frosts do not endanger after beginning of March the variety Redhaven (Lakatos et al. (2005b) .
As a susceptible variety, Ceglédi bíborkajszi, is an example to show maximum susceptibility (with 12-20% probability) during the winter around the mid of January in the region Mátra-Bükkalja as well as around Buda (Lakatos et al. 2006 a) . Between the rivers Duna-Tisza, the probability of frost damage is rather high (20%) at the beginning of March. Similar conclusions are actual for the medium frost susceptible variety Babygold6 (Lakatos et al., 2006c) . The probabilities referring to the whole winter period are less high, by 20-30% than for the susceptible peach variety Venus. At the region Szeged-Szatymaz, the probability of frost damage on Babygold6 was 38%. Redhaven, known as a frost tolerant variety suffered similar frost damage as the former two varieties, but for the whole winter period compared with the variety Venus, the probability of damage was reduced by 40-50%. At the region Szeged-Szatymaz, the probability of frosts is 26% for Redhaven (Lakatos et al., 2006c) .
A good, frost tolerant apricot variety, Bergeron, displayed changes in its probability of damage along the winter season between October 15 and April 1 (Lakatos et al., 2006b) , as in the region of Mátra-Bükkalja, the probability of damage increased to 14% in the mid of January, whereas in the mid of February, it drops below the average of other regions. In the Duna-Tisza-köz region, the highest probability of frost damage occurs from mid of January to mid of February and in early March, whereas around Buda, most risk of damage is in end of February. After the mid of March in the region around Buda, no frost danger is threatening any more on the variety Bergeron, whereas in regions Mátra-Bükkalja and Duna-Balaton, the probability of damages still is 4-6% in the mid of March.
Looking for the distribution of damages at growing sites and apricot varieties in question, the probability of winter frost damage was the highest in the region Duna-Tisza köze, next in Mátra-Bükkalja, followed by Pest-Gödöllô region (Szabó et al., 2006) . The less danger of frost was for apricots in the environ Buda among the 5 sites analysed.
Probabilities of winter frost damages in peaches show highest frequency in Szeged-Szatymaz, the next frequency at the Balaton region followed by Debrecen region. Less endangered among 6 regions proved to be Mecsekalja.
Material and method
Observations regarding the performance (susceptibilitytolerance) of buds and reproductive organs during the rest period are made by Szalay et al. (2000) and Szalay (2001) , and he adapted to Hungarian relations the calculations developed for the estimation of chilling requirement of fruit trees.
The LT 50 function shows the temperature, which causes 50% death of fl ower buds. Determination of this value is based on the physiological observations of buds (Horn E., 1956 ) and a freezing experiment is started for that purpose (Horn E., 1965) .
Our initiative used the database of LT 50 values raised by Szabó et al. (2001) and Szalay et al. (2000) . At three growing sites (Siófok, Szigetcsép, Pomáz) during the period 1995-2004, 9 peach varieties (Venus, Red June, Babygold6, Redhaven, Mayfi re, Caldesi, Early Redhaven, Champion, and Piroska) as well as 5 apricots (Ceglédi bíbor, Ceglédi óriás, Gönci magyar kajszi, Mandula kajszi, Bergeron) were analysed for frost tolerance. Thus, the above mentioned varieties were tested for their cold tolerance expressed by the LT 50 function.
The database of 4 fruit growing regions was used for the period 1951-2010, i.e. 60 years.
The four regions are: -Debrecen -Nagykanizsa -Siófok -Újfehértó The data used were the daily minimum temperatures. The Countrywide Meteorological Service (OMSZ) has 16 stations in Hungary. The data were processed for variance analysis, probabilities and frequencies fi tting to the curves of regression. For that purpose we used the Excel program.
A Data collected on three growing sites, 9 peach-and 5 apricot varieties, LT 50 values developed during the last 8 years, served as a basis for express the temporary changes between October 15 and April 1 for all sites, varieties and years. The LT 50 values obtained were subject to variance analysis and the coeffi cients of variances (CV) are computed for each apricot variety (Figure 1 ) and peach variety ( Figure  2) . According to the variety specifi c CV (%) values, we could distinguish poorly frost tolerant, medium tolerant and tolerant varieties. Our hypothesis was that the LT 50 values of the frost tolerant varieties have lower (yearly) variability than the susceptible varieties.
The cold tolerance expressed by a polynomial function of the 2 nd grade fi tted most to the data measured:
The coeffi cients of the best fi tting function express the differences displayed by frost tolerant, medium tolerant and poorly tolerant varieties.
The LT 50 function during the rest period is a parameter of frost susceptibility or tolerance. If we fi nd during the observed period temperatures corresponding or lower than the LT 50 function of the variety in question, winter frost damage was expected. Apricot varieties of different frost tolerance show the largest differences of their LT 50 values at the end of their rest period, which means at the same time that apricot trees are more susceptible to frost at the end of the or at the beginning of spring, than earlier (autumn or fi rst half of winter) (Figure 3) .
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Peach performs differently from the apricot: it suffers also from the frosts during the late autumn or early winter ( Figure  4 ). Poorly tolerant peach varieties are particularly susceptible to low temperatures of a cold early winter weather.
Results
If we observe the distribution of the excessive minimum temperatures of the winter season in Hungary, it is evident that the spatial differences of the absolute maxima decrease on the country's area, but their heterogeneity increases ( Figure 5 ). As an effect of air circulations, the cold Polar and Siberian air approaches the Carpathian basin from NE across the northern mountains and their passes, and/or from the southern valley of the Danube. During the winter, however, the main wind carries mild Oceanic air from NW and warm Mediterranean air from SW. That is the reason of the lowest winter minima, which occur in the NE and SE region of the country east of the Tisza river, whereas the highest absolute minima were measured in Transdanubia, on the southern and NW corner of the country according to the 60 year long period. The mean absolute minima were about by 2°C higher in Transdanubia than east of the Tisza.
As for the temporal changes, the values of excessive temperatures show clearly an increment during the last 2 decennia almost at every region ( Figure 6 ). The reason of it is that during a period of the 1980-es particularly low temperatures occurred mainly around Debrecen. We cannot state, however, that the global warming up will protect us from excessive minima in the future, and the probability of hard winters will diminish.
If we consider the mean temperature of the rest period, and analyse the temperature at four sites and through 60 years, we may propose the following statements: Until the end of 1980-es, two East-Hungarian regions proved to be the most cold (Figure 7) . Beginning with the 1990-es, the region of Nagykanizsa warmed up much less intensely than the rest of stations. Then station at Siófok showed the highest mean temperatures during the rest period. Out of the 60 years, the decennium of the 1960-es was the sole with a mean temperature below zero during the rest period. The higher and less variable temperatures of the station is due to the compensating (heating) effect of the water: Lake Balaton. The meaning of the frost risk during the rest period is highly dependent on the weather before the appearance of low temperatures. Changes of larger amplitude occur mainly during a calm night. The duration of frost may be short, but its effect serious. Regarding the daily mean temperatures on the 4 regions, the daily variation shows differences. In Figure  8 , we sea clearly that while no change is found during 60 years at Siófok, the daily variation of temperature increased beginning with the 1970-es at Nagykanizsa, which means an increased risk of winter frosts. At the same time, at Debrecen and Újfehértó, the variation of temperature seems to be more moderated.
Apricot plantations are more susceptible to winter frosts than peach plantations. On the example of apricots, we will prove at the 4 regions examined the differences between the two fruit species regarding the probability of frost damages. If we observe the probability of winter frost damages during the rest period in frost susceptible apricot varieties, we will state:
In spite of the fact that the coldest period of the winter is the mid of January, the probability of frost damage varies between regions over 2-6%. The damages appear during the month February. The less winter frost damage is registered at Siófok (Figure 9a ). On this growing site, where during January, the probability of frost causing more than 50% damage was less than 2%. Means of many years prove that the highest risks (6.7%) are expected at February 9. During the rest period ó, we fi nd 7 days only, when the climatic frost damage attained the 5% rate. After March 19, we may become confi dent of getting free from risks as a single day occurred only with 5% damage. This extraordinarily favourable condition is entirely due to the proximity of the Lake Balaton. The meteorological station is on the shore of the Lake, the night temperature is largely moderated by the mass of water. Its effect is especially expressed by the night temperature minima.
The most severe winter frost damages (12.9%) occurred with the highest probability at Debrecen out of the 4 regions compared (Figure 9b ). While the most risky climatic period of frost damages is the fi rst part of the February at Siófok, this at 1951-1960 1961-1970 1971-1980 1981-1990 1991-2000 2001-2010 10 years period Days from 1st October to 31st March The probability of significant winter frost damages (%) Debrecen ensues later around the end of February 28. Signifi cant, up to 8% going frost damages are expected over 4 days, which did not occur at Siófok, at all, during the 60 years. During the rest period, 36 risky days occurred with a fi ve times higher frequency than at Siófok, as the climatic frost attains 5%.
Although highest value of the frost occurrence is less at the Nagykanizsa cultivation area in Debrecen the frequency and length of frost is almost same as in Debrecen. At the Nagykanizsa cultivation area we can accept 6 days when the frost probability reaches the eight percent during the rest period (Figure 9c ). During the rest period at 34 days occurs that the climatic frost damage reaches fi ve percent. While at the cultivation area of Debrecen after 21 st March we can not accept serious, bigger than fi ve percent frost damage at the cultivation area of Nagykanizsa even 29 th March we can get more than eight percent climatic frost probability. This is an extremely high risk of cultivation because in this cultivation area the blooming time starts earlier than the other places of country.
Despite of the cultivation area of Újfehértó it is not far from Debrecen during the rest period we can fi nd signifi cant differences between the distributions of frost damage. At the Újfehértó cultivation area during the rest period only two days we can get signifi cant, (more than eight percent) frost damage (Figure 9d ). During the rest period 24 days occurs at least 5% climatic probability of frost damage.
Our studies proved that the probability of damages caused by climatic frosts changed a lot if frost tolerant fruit varieties are considered instead of susceptible ones at the dame growing site. In Table 2 , the comparison allows the interpretation of this fact at Siófok, where during the rest period, susceptible Days from 1st October to 31st March The probability of significant winter frost damages (%) apricot varieties were exposed to damages of more than 5% losses for 7 days yearly as a mean of many years, whereas in frost tolerant apricot varieties, the probability of damages of 5% losses were reduced to a single day. In the fruit growing region of Debrecen, the difference between the probability of frost damages on frost susceptible and tolerant varieties was conspicuous (Table 3) . Frost susceptible apricot varieties are exposed yearly during 36 days to damages causing 5% losses at least, whereas frost tolerant varieties are at the same conditions for a 7-day-long period exposed to similar, 5% losses. The same phenomena are experienced with susceptible and tolerant peach varieties, where instead of 15 days per year are probably affl icted the susceptible varieties and not a single day during the 60 years the tolerant varieties where the threshold was 5% losses.
As earlier stated, in the region of Nagykanizsa, the probability of climatic frost causing 5% damages is somewhat lower than at Debrecen, but the number of days was higher than in the regions east to the Tisza, when the probability of damage was higher than 8% (Table 4 ). For frost susceptible apricot varieties, 33 days of the rest period are threatened by frost causing at least 5% damage, whereas for tolerant varieties the threatened period means 6 days only. For frost susceptible peach varieties, 15 days of the rest period are threatened, whereas the risk for tolerant varieties diminishes the probability to zero days, when up to 5% damages were expected. The region of Újfehértó is north to Debrecen, in spite of that its climatic properties are more favourable than its southern neighbour. Susceptible apricot varieties are exposed during the rest period for 24 days to the probability of frosts causing more than 5% damage, whereas frost tolerant varieties, this risk is reduced to 1 day only. Susceptible peach varieties are less endangered, as 3 days are probably risked by frosts causing more than 5% damage. Frost tolerant varieties are not risked according to the 60 year long period of observations.
If we analyse the probability of heavy or more than 50% damage causing frosts during the rest period and their distribution in the 10-year-long periods (decennia), the following conclusions are actual:
For frost susceptible apricot varieties, the less risky growing site is Siófok out of the 4 regions studied. Signifi cant frost damages are expected there in each 3 rd year (Table  6 ). The highest risks of winter frosts are threatening the susceptible apricot varieties in the region of Nagykanizsa. As far as the climatic conditions do not change, in 7 years out of 10 the trees will suffer from winter frost damages.
The region of Újfehértó represents less risks of winter frosts than the neighbouring region of Debrecen. Both fruit growing regions are expecting frost damages in 6 years out of 10.
For susceptible peach varieties, the highest safety is found in the region of Siófok, where the risk of winter frosts is expected in 3 years out of 10. It is not a surprise that the most risky growing site was the region of Nagykanizsa out of the 4 regions observed for susceptible peach varieties, where every second year is threatened by winter frosts. At Újfehértó, every 3 rd year is endangered, whereas every second in the region Debrecen according to the statistics traced over 60 years.
For medium frost tolerant apricot varieties, the most recommended growing sites are the regions of Siófok and of Újfehértó out of 4 sites, where the winter frost damages appear in every 5 th year (Table 7) , whereas the highest risks appeared at Nagykanizsa, i.e. in every second year over the 60 year long period. At Újfehértó, conditions are better than at Debrecen. But the probability of losses caused by frosts is expected in 3-4 years out of 10 at both regions.
Peach varieties of medium frost tolerance are grown most safely in the region of Siófok. In 2 years out of 10, frost damage is expected. The less favourable growing site is Nagykanizsa out of 4 observed ones, where frosts are forecasted in 4 years out of 10.
For frost tolerant apricot varieties, also the region of Siófok is the safest growing site out of the 4 examined. Signifi cant damages caused by frost are expected each 5 th year (Table  8) . As most risky site, on the other hand, also Nagykanizsa is considered, where frost damages are suspected in 4 years, out of 10. The Újfehértó and Debrecen regions threaten with notable winter frosts in every 3 rd year, but once out of 10 years heavy frost damages may occur. Nagykanizsa and Debrecen represent those sites, where for frost tolerant peach varieties the conditions are less favourable out of the 4 sites examined. Every 5 th year may withstand heavy winter frost damages.
For the winter season, the altitude of the growing site above sea level is a decisive component of the environment. Cold air is moving and accumulating always to the lowest points of the profi le of landscape, where the low temperature may stay during a longer time, which becomes often deleterious for the buds of fruit trees. During the last rest period, early February was the coldest period of winter. This alone means a risk when the frost tolerance of trees diminishes notably. The values of the LT 50 function show it clearly, but the risk is aggravated much by the fact that the mean temperatures of the previous months, December and January, were higher by 2 °C than the means of many years . The early blooming trees ended their (deep) rest period, which means that their susceptibility increased substantially, while their budding is inhibited by the low temperature (obligate If we looked to readings of higher density than the 16 stations of the OMSZ, it turned out that sometimes 200 m distance may produce 4.5°C differences due to 16 m differences in altitude (Table 9 ).
Conclusions
By the use of the LT 50 function, we are able to identify the days, when the low temperatures may risk frost damage on the trees during the rest period as well as during the obligate dormancy. From the database of a 60 year long period we may conclude to the probability of frost damages at the date of the year as well as of the locality, where records have been made. However, the severity of damages cannot be quantifi ed by this method. The study presented does not consider the development of absolute minima, the history of cooling down and warming up periods.
The results, on the contrary, are used successfully for the estimation of risks for frost susceptible apricot and peach varieties, moreover, the differences between Minimum temperature (°C) 2012.02.13 -9.6 -11.5 -14.5 -9.8
Figure 10 -The minimum temperatures read at the coldest dawn of the winter in Hungary at 2012 February 10 (source: daily report of the OMSZ) susceptible and frost tolerant varieties at the individual fruit growing regions examined. Recommendations of varieties for particular growing sites could be based on the data published, and the probability of risks being determined as the security of yields.
